Abstract-Signal generator is an electronic device that can generate electronic signal and waveform. There are different types of signal generator available in the market such as function generator, arbitrary waveform generator, RF signal generator, vector signal generator and audio signal generator and pulse generator. Although all signal generators can generate electronic signals and waveforms, different types of signal generator are used for different applications and to develop different types of electronic signal. In this work, signal generator is designed and developed to be used in a new advance technology such as Lab-ona-Chip (LoC) or any instrument system. It is designed by using AD9850 Direct Digital Synthesis (DDS) chip module that is able to generate sine waveform with frequency up to 30 MHz. This signal generator can accurately generate and control the waveform of various frequencies. There is limitations to the signal generator with the power supply is fixed to 5V. This is due to the limitation with ARDUINO UNO which is used to develop signal generator. The controlling and monitoring process on LoC always require precise control in the frequency generated in order to obtained accurate results. The ability of DDS is important to accurately control and generate waveform for various frequencies, with reliability and low cost as the main feature.
I. INTRODUCTION
A lab on a chip (LoC) technology is growing rapidly over the years because of its functionality towards technology. LoC technology has successfully demonstrated its potential in different kinds of fields including in mobile technology and biomedical and environmental applications. This technology is widely used in medicine and health application research where the potential of LoC is unlimited. LoC technology essential comprises devices which have an element that is millimeter to centimeter sizes which encapsulate more than one laboratory processes into a singular device [1] . This kind of devices commonly compromise microfluidic elements especially in fluid handling or control and some detection capability.
There are some of the detection devices and electrical manipulation that need electrical signal to energize, such as Biosensors, electroosmostic pumps, microheaters and electrorhelogical (ER) actuators. However, the setup of the particle monitoring system for the LoC requires instruments such as frequency generator to supply electrical signal, oscilloscope to measure the output signal before applying on LoC and a microscope to observe and analyze the reaction of microparticles. The controlling and monitoring process on LoC always require precise control in the frequency generated in order to obtained accurate results.
This project is about the design of signal generator for LoC applications. LoC requires signal that usually not supported by signal generator available in the market especially the portable signal generator. Signal generator is an electronic device that generates electronic signal and waveform. The signal could be repeating or non-repeating depends on the requirements and applications. This signal generator has the ability to accurately produce and control the waveforms of various frequencies. Currently, there has been a high-accuracy digital-analog converter which is a digital control method using a standard reference frequency generated, called Direct Digital Synthesis (DDS) technology [2] . The ability of DDS to accurately control and generate waveform of various frequencies, reliability and low cost are the main feature. Other than that, the design consideration of this project especially can be used in biomedical, communication and electronic testing industries.
There are many different types of signal generator available in the market such as function generator, RF signal generator, arbitrary waveform generator and many more. All different types of signal generator can generate electronic signals and waveforms, but they have different design and functionality and used for different applications. These instruments are usually inconveniently, big in size, and expensive. For example, a 33509B DDS function generator (20 MHz) manufactured by Agilent cost around RM6167 while RIGOL DG1022 function / arbitrary waveform generator (20 MHz) cost around RM1865 which is cheaper.
The higher the specification of the signal generator, the higher the price.
Normally, the pricing offered by the market is not affordable by students. Therefore, the estimate cost for DDS signal generator is around RM200.00 which will be affordable by students and young researchers. Usually, LoC applications voltage use are in the range of 0.1 -10 Vpp and working frequency up to 80 MHz. Hence, this project is developed to ease the work of user in buying and handling this signal generator at any locations and suitable for LoC application. Figure 1 shows the price vs model of Agilent model for different types of function generator available in the market. II. METHODOLOGY Project design flow was very important to develop a signal generator for lab-on-a-chip (LoC) application. At first, the initial planning was done to make sure the project follow the correct direction towards the research and implementation process. Some research was done to understand and explore about the available signal generator at the market. This help to identify the improvement that can be made to make sure this project can improve the previous project. This project is started by using ARDUINO UNO microcontroller, C/C++ programming code, AD 9850 direct digital synthesizer (DDS) module, followed by system designed by specification of the system, software programming, and prototype development. During that time, the hardware model circuit was constructed and debugging program was performed to generate the desired frequency. After that, these results were observed by using oscilloscope and the result is recorded
In this w o r k , the ARDUINO software (IDE) is used t o write the code of the system and upload to the ARDUNO UNO board. The code will identify the connection of each component and declare each port of the component. ARDUINO provides an open source and easy to use programming tool, writing the code and uploading it to the board. The code is written to give an instruction to the board and uploading it to the microcontroller by using the ARDUINO programming language and the ARDUINO Software (IDE), based on processing.
The rotary encoder is used to adjust the frequency from 0 to40 MHz. The increment of each step of the rotary encoder can be adjusted through the code in the ARDUINO software (IDE). The rotary encoder is able to send the required data or value to DDS chip module through an interfacing system / ARDUINO UNO microcontroller. The data received from the rotary encoder is the input to a microcontroller. The microcontroller will convert the data to suit the requirement of the DDS chip module. That is why it is called as the brain of this system because the code is being programmed to control the whole process of the system. The 16 x 2 LCD display will display the value frequency that has been set using rotary encoder. The DDS chip module (IC generator waveform) is used to generate the output sine wave. Lastly, the waveform based on the frequency set by the rotary encoder is displayed on the InfiniiVision Agilent Technologies DSO-X 2012A oscilloscope.
A. Software Development
The circuit is designed and constructed as shown in Figure 3 . ARDUINO integrated software development (IDE) is used to program the microcontroller in C and C++ language for rotary encoder to adjust the frequency. B. Hardware Development ARDUINO UNO is an open source electronics platform based on hardware and software which is easy especially for beginners and much user friendly. It is programmed by using ARDUINO UNO integrated development environment (IDE) which use C or C++ program code. ARDUINO UNO is a micro-controller which able to react with other hardware components such as sensor, LED and switch compared to micro-processor. ARDUINO UNO is designed to handle specific tasks where it is suitable in any application of input and output is defined. It is reprogrammable board and consists of reasonable number of input and output pins for the project.
The program code from ARDUINO Software is uploaded into the microcontroller with a single click through detachable USB-to-serial adapter board or cable [3] . Moreover, it has a built in power and reset circuitry attached for easy access. The ARDUINO UNO could cut down the time of hardware and software development required in running the system. It is believed that within upcoming 5 to 10 years, ARDUINO will be used in every school for teaching electronics and physical computing [4] . The technical specification of ARDUINO UNO is summarized in Table 1 AD 9850 DDS chip module is a highly integrated device that uses advanced DDS technology coupled with an internal high speed, high performance, digital-to-analog converter (DAC) and comparator, to form a complete digitally programmable frequency synthesizer and clock generator function [6] . This module contains a 40-bit register that is used to program the 32-bit frequency control word, 5-bit phase modulation word and the power-down function. The register of this module can be loaded in a parallel or serial mode.
The rotary encoder is a rotary input device (as in knob) that provides an indication of how much the knob has been rotated and what direction it is rotating in. The rotary encoder is designed so that the output is low when the switches are closed and the output is high when the switches are open [7] . The low output is generated by placing a ground on GND pin and passing it to the CLK and DT pins when the switches are closed. High output is generated with a 5V supply input where CLK and DT are both high when the switches are open. In this project, rotary encoder is used to adjust the frequency. Each step of the rotary encoder will increases and decreases the value of frequency.
Liquid Crystal Display (LCD) screen is an electronic display module and is used in wide range of applications. A 16 x 2 LCD display is a basic module and very commonly used in various circuits and devices. This LCD display is much preferred to use compared to seven segments and other multi segment LEDs. This is because, LCDs are economical, easily programmable, have no limitation of displaying special and even custom characters, animations and many more.
III. RESULTS AND DISCUSSION
The ARDUINO programming code is compiled and simulated, the output from AD 9850 DDS chip module is connected to InfiniiVision Agilent Technologies DSO-X 2012A oscilloscope with the input of 5 V. All measurements were made using InfiniiVision Agilent Technologies DSO-X 2012A oscilloscope. The bandwidth for the oscilloscope is 100 MHz with 2 analog channels. Table 2 shows the output sine waveform obtained from oscilloscope. Table 2 , the output sine waveform is observed for various of frequency and the reading was taken directly from the InfiniiVision Agilent Technologies DSO-X 2012A oscilloscope, therefore the accuracy of the output waveform is depending on the probe of the oscilloscope. The waveform entering to the oscilloscope is not fully stable because of the noise disturbance. As a result, from Table 1 , there are various of frequency adjusted using rotary encoder and the output frequency as reading from the oscilloscope will change according to the unstable waveform.
This system is expected to be able to produce output frequency range from 0 Hz to 40 MHz. The designed signal generator for lab-on-a-chip application will generate the respective output waveform with desired frequency. When frequency value is increased from 0 Hz up to 10 MHz, it can be seen that the frequency of output waveform generated from AD9850 DDS chip module is also increased accordingly with stable performance. AD 9850 DDS chip module is able to produce another type of waveform which is square waveform. However, this project only focusing on the sine waveform because considering the LoC application. However, when frequency value is increased more than 20 MHz, the output waveforms started to become distorted. The designed system tends to generate unstable and fluctuated output waveform. If frequency value is further increased to higher frequency such as 60 MHz, the output waveform unable to show proper waveform shape and become completely unstable. This means that the DDS fails to operate properly at frequency higher than 40 MHz.
IV. CONCLUSION
As a conclusion, a signal generator for lab-on-a-chip application which is capable to generate various frequencies sine waveform in the range of 0 to 30 MHz was successfully developed and tested from the project. This project provides rotary encoder for user to adjust the frequency. The user can observed output sine waveform from InfiniiVision Agilent Technologies DSO-X 2012A oscilloscope. The output amplitude tends to decrease when the frequency is increased. The output frequency generated from oscilloscope is almost accurate with frequency value adjusted by user. This shows the reliability of the system and it is sufficient to meet many experimental requirements.
